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Abstract

Background: The disproportionate burden of tobacco use among African Americans is largely 
unexplained. The unexplained disparities, referred to as the African American smoking paradox, 
includes several phenomena. Despite their social disadvantage, African American youth have 
lower smoking prevalence rates, initiate smoking at older ages, and during adulthood, smoking 
rates are comparable to whites. Smoking frequency and intensity among African American youth 
and adults are lower compared to whites and American Indian and Alaska Natives, but tobacco-
caused morbidity and mortality rates are disproportionately higher. Disease prediction models 
have not explained disease causal pathways in African Americans. It has been hypothesized that 
menthol cigarette smoking, which is disproportionately high among African Americans, may help 
to explain several components of the African American smoking paradox.
Purpose: This article provides an overview of the potential role that menthol plays in the African 
American smoking paradox. We also discuss the research needed to better understand this unre-
solved puzzle.
Methods: We examined prior synthesis reports and reviewed the literature in PubMed on the men-
thol compound and menthol cigarette smoking in African Americans.
Results: The pharmacological and physiological effects of menthol and their interaction with bio-
logical and genetic factors may indirectly contribute to the disproportionate burden of cigarette 
use and diseases among African Americans.
Conclusions: Future studies that examine taste sensitivity, the menthol compound, and their 
effects on smoking and chronic disease would provide valuable information on how to reduce the 
tobacco burden among African Americans.
Implications: Our study highlights four counterintuitive observations related to the smoking risk 
profiles and chronic disease outcomes among African Americans. The extant literature provides 
strong evidence of their existence and shows that long-standing paradoxes have been largely 
unaffected by changes in the social environment. African Americans smoke menthols dispropor-
tionately, and menthol’s role in the African American smoking paradox has not been thoroughly 
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explored. We propose discrete hypotheses that will help to explain the phenomena and encourage 
researchers to empirically test menthol’s role in smoking initiation, transitions to regular smoking 
and chronic disease outcomes in African Americans.

Introduction

Blacks/African Americans, the second largest minority group in the 
United States,1 have historically had worse health outcomes and 
greater social disadvantage than any other racial/ethnic group.2 The 
risk factors, incidence, morbidity, and mortality rates for the lead-
ing causes of death in United States are often greater among blacks/
African Americans2 and life expectancy is 3.8 years lower than that 
of the whites.3 Cigarette smoking is a major cause of diseases and 
deaths among blacks/African Americans, but the disproportion-
ate burden of smoking during adulthood and disease outcomes 
among blacks/African Americans is largely unexplained by empirical 
investigations.4–6

The term “smoker’s paradox” has been used to describe counter-
intuitive observations related to cigarette smoking patterns and/or 
smoking-related disease patterns in different groups.7,8 The “Black/
African American smoking paradox” encompasses a number of phe-
nomena related to cigarette smoking behavior in youth and young 
adulthood and the disproportionate disease outcomes observed in 
black/African American adult smokers in the United States.

The first paradox is that social disadvantage among black/
African American youth does not result in earlier initiation of ciga-
rettes compared to other racial/ethnic groups. For example, poverty 
rates have been at least three times higher among black/African 
American than white youth since 1976.9 Despite their disadvantage, 
compared to other racial/ethnic groups, blacks/African Americans 
are more likely to initiate cigarette smoking10–12 and overall tobacco 
use10 later in life with more than 50% initiating after age 18.12

The second paradox is that social disadvantage among black/
African American youth does not result in higher cigarette smoking 
prevalence rates than that of white youth. Blacks/African Americans, 
irrespective of gender, are more likely than whites to be placed in 
juvenile system facilities,13 but black/African American youth in the 
justice system have lower substance use,14 cigarette smoking,15 daily 
smoking,15 and smoke fewer cigarettes per day compared to white 
youth.14 Despite their social disadvantage, data consistently show 
lower cigarette smoking prevalence rates among noninstitutional-
ized black/African American youth compared to white, Hispanic, 
and American Indian/Alaska Native youth.16–20 In 1977, 36.7% of 
black/African American compared with 38.3% of white 12th grad-
ers smoked in the past 30 days.19 In 1987, 14.2% versus 32.1%; in 
1997, 14.3% versus 40.7%; in 2007, 10.8% versus 24.9%; and by 
2014, 9.0% of black/African American compared with 17% of white 
12th graders reported smoking in the past 30 days.19 Furthermore, 
data show that the use of any tobacco product,18 concurrent use 
of tobacco products,18,20 and concurrent use of cigarettes and cigars 
are lower among black/African American compared with white high 
school students.19

The third paradox is that low cigarette smoking prevalence rates 
among black/African American youth do not result in low rates of 
smoking in the past 30  days in young adulthood. Blacks/African 
Americans lose their advantage relative to whites in young adult-
hood, and one study shows that achieved socioeconomic status and 
life transitions do not explain these observations.21 Data from the 

2012 Surgeon General’s Report show that among 18–25 year olds, 
26.3% of all blacks/African Americans, 31.7% of black/African 
American males, and 21.4% of black/African American females 
smoked cigarettes in the past 30 days in 2010.10 Black young adults 
are more than twice as likely than white young adults to report 
increases from nondaily to daily smoking.22

The fourth paradox is that lower prevalence rates of smoking, 
frequency (daily vs. nondaily smoking) and intensity of smoking 
(the number of cigarettes smoked per day) do not result in a lower 
burden of tobacco-caused diseases. Over the past 20 years, smok-
ing prevalence rates have not greatly differed between black/African 
American and white adults,23 and their smoking profiles do not 
explain the disproportionate burden of chronic diseases. Smoking 
rates among black/African American adults declined from 27.2% 
in 199424 to 18.3% in 201325 and among whites from 26.3%24 to 
19.4%.25 Although blacks/African Americans have lower smoking 
frequency and intensity compared to whites and American Indians 
and Alaska Natives, they have higher disease risk.11 Historical trends 
and recent data show that black/African American youth17 and 
adults smoke fewer cigarettes per day compared with whites11,26 and 
are more likely to smoke nondaily compared to whites, Asians, and 
American Indians and Alaska Natives.10 However, blacks/African 
Americans and Native Hawaiians who smoke 10 or fewer cigarette 
per day have disproportionately higher lung cancer risk compared 
with whites and Japanese.5

Blacks/African Americans have the highest overall cancer incidence 
and mortality rates and the highest lung cancer incidence and death 
rates in the United States compared to other racial/ethnic groups.27 
Blacks/African Americans have similar chronic obstructive pulmonary 
disease (COPD) rates as whites,28 but black/African American men 
with COPD have a sixfold increased risk for lung cancer compared 
with whites.4 Blacks/African Americans are almost twice as likely as 
whites to have a first stroke and die following a stroke.29 From 2006 
to 2010, the prevalence of strokes among blacks/African Americans 
increased,30 while trends among whites and Hispanics showed no 
changes.30 Deaths from heart disease, stroke, and hypertension com-
bined are higher among blacks/African Americans compared to all 
other ethnic groups and almost twice that of white adults.31

Several researchers have hypothesized that menthol cigarette 
smoking may help to explain the African American smoking para-
dox,32–34 but the causal pathways are unclear.35,36 Menthol is a flavor 
additive in cigarettes that is found naturally in peppermint (Mentha 
piperita)37 and corn mint plant oils (M arvensis and M canadensis).38 
The L-menthol is the most widely used isomer as a flavorant because 
it has greater cooling properties than other menthol isomers.39 
Menthol has been used as a local anesthetic, antiseptic, antifungal,39 
antibacterial, and antipruritic agent and is commonly used in tooth-
paste, mouthwash, and topical rubs.38,40–42 It is also used to reduce 
respiratory discomfort that leads to coughing43 and to treat digestive 
disorders.44,45 The physiological and pharmacological properties of 
menthol that are enjoyed through food and health products are the 
same properties that can cause harm when menthol is used as a fla-
vor additive in cigarettes.
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National data show that 74%–88% of black/African American 
adult smokers report smoking menthol-flavored cigarettes.46,47 
About 95% of black/African American smokers aged 12–17, 94% 
aged 18–25, 92% aged 26–34, 90% aged 35–49, and 81% aged 50 
and over smoked menthol cigarettes in the past 30 days. In contrast, 
26% of all whites, 51% of whites aged 12–17, 36% aged 18–25, 
24% aged 26–34, 20% aged 35–49, and 21% aged 50 and over 
reported menthol cigarette smoking in the past 30 days.46 Thus, men-
thol cigarette smoking is popular among blacks/African American 
smokers irrespective of age, whereas among whites, the popularity 
of menthol smoking declines as age increases.46

The goal of this article is to provide an overview of the poten-
tial role that menthol cigarettes play in the black/African American 
smoking paradox and why this deserves further investigation in 
future research. We also discuss specific categories of research 
needed to better understand this unresolved puzzle. We recognize 
that there are other factors such as discrimination, acculturation, 
socioeconomic status, peer influences, and neighborhood depriva-
tion that may influence the smoking paradox, smoking in general, 
and tobacco-related health disparities. Several articles published in 
this special issue provide empirical data to elucidate different com-
ponents of the “Black/African American smoking paradox”. We 
have narrowly focused this article on menthol as one potential fac-
tor that influences the smoking paradox. Our review is designed to 
generate a series of hypotheses that can be tested in future research 
and ultimately inform tobacco regulatory policy, prevention, and 
cessation interventions.

Methods

Our configurative review is largely designed to interpret and under-
stand the observed paradoxes rather than to aggregate empirical 
data and make empirical statements about the paradoxes as done 
with traditional systematic aggregate reviews.48 Few empirical stud-
ies have sought to explain the specific role of menthol in the African 
American smoking paradox, and therefore we offer concepts for 
future investigation based on the existing evidence. We first exam-
ined synthesis reports of the literature on menthol cigarette smok-
ing including the Food and Drug Administration’s (FDA) Tobacco 
Products Scientific Advisory Committee (TPSAC) report on men-
thol in cigarettes35 and the FDA’s report on menthol in cigarettes.36 
However, it was not our goal to replicate or redo existing synthe-
ses. We examined multiple data sources and publications to help 
us understand trends in smoking, current cigarette smoking preva-
lence rates, and menthol smoking among black/African American 
youth and young adults. These data sources included Monitoring 
the Future, the National Survey on Drug Use and Health, National 
Youth Tobacco Survey, the Youth Risk Behavioral Survey, National 
Health Interview Survey, National Adult Tobacco Survey, Surgeon 
General’s Reports, the Census Bureau data, and other federal 
reports. We searched for additional literature in PubMed on the 
menthol compound and menthol cigarettes. We used the follow-
ing search terms and combination of search terms to conduct our 
PubMed search: African American or black; smoking; menthol; 
menthol compound; initiation; quitting or cessation; nicotine 
dependence; nicotine metabolism; nicotine; disease; adolescents or 
youth; young adults; discrimination; social disadvantage; neighbor-
hood deprivation; parental disapproval; marketing; policy; second-
hand smoke exposure; sensory; chemosensory; taste; and smell. We 
also examined secondary references that were relevant.

Results

The Physiological and Pharmacological Effects of 
Menthol in Cigarettes
We first discuss the physiological and pharmacological effects of 
menthol since these factors are important to understanding men-
thol’s role in the African American smoking paradox.

More than 90% of all cigarettes contain menthol,49 but cigarette 
characterized as menthol can be detected by smell and taste and are 
marketed as menthol cigarettes. Menthol is the most popular char-
acterizing flavor in the United States and menthol cigarettes are used 
by nearly 30% of all smokers.46 Other characterizing flavors like 
strawberry, grape, or cherry were banned in 2009 under Section 907 
Tobacco Product Standards of the Family Smoking Prevention and 
Tobacco Control Act, but menthol was excluded. Additional details 
on the physiological and pharmacological effects of menthol are 
summarized in two synthesis reports.35,36

Menthol is the only flavor additive that at different concentra-
tions acts on the olfactory (smell), gustatory (taste),50 and trigeminal 
systems (cooling and pain)51–53 to produce different sensory effects. 
Data from the tobacco industry documents suggest that low to 
moderate levels of menthol (100 to 1000 ppm per tobacco weight) 
produce fairly weak sensations (eg, flavor, smell, cooling), but can 
take the edge off of the pain sensations of nicotine and tobacco 
and make the smoke smoother in cigarettes where menthol is not 
a characterizing flavor.54 In menthol cigarettes, the higher levels of 
menthol (above 1000 ppm per tobacco weight) are evident and men-
thol dilutes or masks negative tobacco sensations (eg, pain, sting-
ing, bitter taste).54 At the right concentration, menthol can reduce 
irritation and sensitivity to nicotine.55 Data show that 19 ppm of 
L-menthol can reduce cigarette smoke (9 mg/m3) induced irritation 
by 50% in rats.56 At 300 mg/m3 of cigarette smoke, irritation is sup-
pressed by 50% with 66 ppm of L-menthol.56 L-menthol also acts 
as a counterirritant to acrolein and cyclohexanone, both of which 
are major irritant toxicants in cigarette smoke.43,56 Menthol’s anal-
gesic, anesthetic, and counterirritant effects43,56 on the tongue57 and 
in the respiratory system may make smoking easier for first time 
and continued smokers. Menthol cooling can last up to 70 minutes 
in humans58 by activating TRPM8 receptors.55 Furthermore, men-
thol flavor additives influence the self-administration of nicotine.59,60 
Because menthol reduces nausea61 and headaches,61 it may disguise 
symptoms of nicotine poisoning and further contribute to its abuse 
liability among first time and continued smokers.

The Potential Role of Menthol in Smoking Among 
Black/African American Youth and Young Adults
Experimentation and Smoking in Blacks/African Americans
In the next sections, we highlight some of the literature on first time 
smoking, initiation of smoking, and transitions in smoking among 
blacks/African Americans, some of which have already been noted 
in the introduction and summarized in prior synthesis reports.35,36 
As previously stated, black/African American youth initiate smoking 
later in life than white youth despite their social disadvantage, and 
transition to regular smoking at older ages than whites.62,63 Studies 
show that 34% of black/African American high school students 
reported that they ever tried cigarette smoking compared to 42.9% 
of whites and 62.3% of American Indians and Alaska Natives in 
2013.64 Only 6.7% of black/African American high school students 
reported smoking a whole cigarette before age 13, 4.3% reported 
ever-daily use, and 1.7% reported current daily use in 2013.64 One 
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study shows that on average, blacks/African Americans initiate ciga-
rette smoking 1 year later than whites and transition to regular use 
1 year later as well, resulting in a 2-year lag between the time of 
smoking initiation and transition to regular smoking.63

The TPSAC and the FDA synthesis reports both stated that there 
is sufficient evidence to conclude that the availability of menthol 
increases experimentation and regular smoking.35,36 Studies show 
that among nonestablished smokers, 51.7% initiated with men-
thol cigarette.65 It is not clear what percentage of blacks/African 
Americans initiate smoking with a menthol or nonmenthol cigarette, 
but it is likely that they experimented first with a menthol flavored 
cigarette for several reasons. About 94% of black/African American 
smokers aged 12–17 used a menthol cigarette in the past 30 days46 
and many black/African Americans in this age group may be experi-
menters. Studies show that switching from menthol to nonmenthol 
is low and less likely than switching from nonmenthol to men-
thol.66,67 One study shows that only 5.3% of black/African American 
young adults who initiated with menthol switched to nonmenthol 
cigarettes.66

Data also show that the initiation of menthol cigarette smok-
ing in blacks/African Americans is associated with an increased odds 
of transitioning to regular smoking.68,69 Conclusions in the TPSAC 
report specifically indicate that there is sufficient evidence to con-
clude that the availability of menthol increases the likelihood of 
experimentation and regular smoking beyond the anticipated preva-
lence if such cigarettes were not available in the general population 
and particularly in African Americans.35 The FDA made a similar 
conclusion and stated that menthol in cigarettes is likely associated 
with increased initiation and progression to regular use.36 Based on 
the evidence, we postulate that the late onset and transition to reg-
ular smoking in blacks/African Americans in older ages combined 
with the use of menthol cigarettes may increase smoking prevalence 
at higher rates among blacks/African Americans than other racial/
ethnic groups. Other groups are likely to have experienced the tran-
sition from initiation to regular smoking at younger ages and have 
lower rates of menthol cigarette use.

Although we postulate that menthol cigarette smoking in young 
adulthood explains increases in regular smoking and more dra-
matic increases in the prevalence of smoking among blacks/African 
Americans as compared with whites, it does not explain why their 
experimentation with cigarettes occurs in older versus younger ages. 
We investigated the literature on taste sensitivity to help address this 
component of the African American smoking paradox.

Taste Sensitivity and Protection From Early Onset of Smoking 
Among Blacks/African Americans
It has been hypothesized that the tobacco industry targeted menthol 
cigarettes to populations with specific chemosensory characteristics70 
because they were aware that some groups are likely to reject the bit-
ter taste of nicotine. Studies suggest that sensitivity to bitter tastes is 
a genetic trait71,72 mediated by TAS2R38 gene and possibly 25 other 
bitter taste receptors expressed on the tongue.72 TAS2R38 encodes 
a chemosensory receptor sensitive to phenylthiocarbimide (PTC), 
6-n-proplythiouracil (PROP), and many other thiourea-containing 
compounds.73,74 Thiourea compounds are bitter sulphur containing 
compounds that are found in foods such as spinach and cruciferous 
vegetables.

In 1938, not long after menthol cigarettes were patented by 
Lloyd Spud Hughes in 1925,75 a researcher discovered that some 
individuals perceived the bitter taste of PTC, while others did not.76 

PTC and PROP, a less toxic compound, have been used as markers 
of genetic variability in perceptions of taste73 and to help distinguish 
three taster groups. Earlier studies using PTC suggested that taste 
was bimodal (taster and nontaster), but there is substantial evidence 
that taste sensitivity is a continuous measure of intensity and can 
be divided into nontasters, medium tasters, and supertasters.77–79 
Bartoshuk and colleagues80 have shown that supertasters perceive 
stronger taste intensities from sweet and bitter compounds including 
PTC and PROP. Studies suggest that 19%–25% of the world’s popu-
lation are supertasters, 50% are medium tasters, and 25%–31% are 
PROP nontasters.78 Thus, people who are likely to reject bitter fla-
vors comprise 70%–75% of the population.78–80

Perceptions of taste vary by gender,81,82 age,83,84 and ethnic-
ity.85–87 Studies suggest that 35% of women and 15% of men are 
supertasters.88 Studies show that differences in sensitivity to bitter 
taste is apparent in younger ages such that children in general have 
lower thresholds for bitter taste than adolescents and adults, and 
are thus more likely to reject bitter tastes.84,89,90 In comparison to 
children who are tasters, children who are nontasters are more likely 
to accept bitter-tasting vegetables and fruit juices.91,92 Asians and 
African Americans are more likely than whites to be supertasters.85 
Studies show that 60% of Indians (from India), 70% of Caucasians, 
90% of Southeast Asians, 97% of West Africans,93 and 63% of 
members of the Plain American Indian tribe perceive bitter taste.82

Nicotine is generally perceived as a bitter taste.94,95 Studies sug-
gest that PTC/PROP tasters are likely to find cigarettes adversely 
bitter and taster status may protect against smoking bitter toxic 
compounds like tobacco.82,96–99 Since African Americans, like youth, 
are also more likely to reject bitter flavors, then sensitivity to bitter 
taste among African American youth may protect African Americans 
from cigarette smoking in adolescence to a greater extent than whites 
who are less likely to reject bitter flavors. In addition, one study 
shows that younger people have a lower threshold for menthol than 
older people.100 Menthol at high concentrations can be an irritant 
like nicotine.101 The lower threshold for bitter taste among blacks/
African Americans combined with the lower threshold for menthol 
in younger ages may also protect African Americans from initiating 
smoking at earlier ages to a greater extent than whites.

Age and race/ethnicity related thresholds to bitter taste and age-
related thresholds related to menthol may also help to explain transi-
tions to smoking and regular smoking in young adult blacks/African 
Americans. Although sensitivity to bitter taste decreases with age, 
declines in sensitivity to bitter taste among African Americans may 
not be as steep as whites since they are more likely to be supertasters. 
However, the declines may be sufficient in young adulthood such that 
smoking is more tolerable. As menthol becomes more tolerable with 
age, menthol in cigarettes may mask the bitter taste and negative 
sensory aspects of nicotine experienced by adolescent blacks/African 
Americans. Studies show that menthol has cross-desensitizing effects 
on nicotine and these effects are independent of its cooling effects.101 
However, the desensitizing effects last up to 16 minutes and wear 
off over time.101 It remains to be tested if desensitizing effects also 
influence lower intensity of smoking among black/African American 
youth and young adults. The desensitizing effects may also increase 
continued use because the sensory effects may become pleasurable.101 
Thus, we postulate that there is an interactive effect of age, race/
ethnicity, bitter taste sensitivity, and trigeminal sensitivity related to 
menthol. These factors together could explain low rates of smok-
ing among adolescent blacks/African Americans and transitions to 
regular smoking in young adulthood. This hypothesis remains to be 
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tested and studies among adolescents and young adults in laboratory 
settings could compliment longitudinal population-based studies to 
generate empirical evidence related to the smoking paradox.

Smoking Maintenance and Menthol Cigarettes
In this section, we briefly review the existing evidence on how men-
thol maintains smoking since the continued use of menthol ciga-
rettes may contribute to the disproportionate disease outcomes we 
observe among blacks/African Americans. We recognize that the lack 
of access to and affordable cessation resources, low cigarette taxes, 
advertising, lack of comprehensive smokefree laws, and other social 
environmental factors play a role in quitting behaviors. Those fac-
tors have been highlighted in previous reports.10,20

Menthol and Smoking Intensity
In the introduction, we indicate that blacks/African American smoke 
fewer cigarettes per day than whites, which does not explain the dis-
parities. Their lower intensity of smoking may be due their threshold 
for tolerating the bitter flavor of nicotine. Studies show that social 
smokers have a stronger perception of bitter taste compared with 
regular smokers, and a lower percentage of tasters among smokers 
consumed 20 or more cigarettes per day than nontasters.99 Menthol 
smoking may attenuate the negative sensory effects of nicotine, 
which results in blacks/African Americans consuming fewer ciga-
rettes per day than white smokers. The TPSAC report indicated that 
the evidence was mixed on whether menthol smokers smoke fewer 
cigarettes per day than nonmenthol smokers.35 More evidence is 
needed on whether black/African American menthol smokers con-
sume fewer cigarettes per day than blacks/African American nonm-
enthol smokers. Future studies would need to test how race/ethnicity 
and taster status influence the number of cigarettes smoked per day.

Menthol and Nicotine Dependence
Smokers with higher levels of nicotine dependence are at increased 
risk for quitting difficulty. The TPSAC report stated that the evi-
dence is sufficient to conclude that menthol cigarettes increase the 
likelihood and degree of addiction in youth, but is not sufficient to 
conclude that it does in adults.35 However, the FDA report stated 
that the weight of the evidence supports that menthol in cigarettes 
is associated with increased dependence.36 The conclusions were not 
specific to blacks/African Americans and subsequent studies have 
not examined nicotine dependence in black/African American men-
thol and nonmenthol smokers. What is known is that taster status 
and menthol influence nicotine dependence. One study shows that 
among African American adults, nontasters are more likely and 
tasters are less likely to be dependent smokers.102 This same study 
showed that being a nontaster was significantly associated with nico-
tine dependence among African American females.102 This specific 
study examined gene polymorphisms related to taster status and 
did not take menthol cigarette smoking into consideration, which 
could influence dependence among multiple taster groups. Menthol 
increases the neural response of taste receptors in a similar manner 
as alcohol103 and studies are needed to determine if menthol cigarette 
smoking mediates the relationship between taster status and nicotine 
dependence among blacks/African Americans.

Menthol and Quitting Smoking
Quitting smoking before age 35 can significantly reduce tobacco 
morbidity and mortality,104 but studies suggest that compared with 

nonmenthol smokers, menthol smokers experience greater difficulty 
quitting,105–107 and are less successful in quitting even when using 
nicotine replacement therapy.107,108 The TPSAC and the FDA report 
stated that the evidence is sufficient to conclude that menthol in ciga-
rettes results in the likelihood of lower smoking cessation success in 
African American smokers.35,36 We defer the reader to the reports for 
discussions on the extant literature and briefly discuss quitting dif-
ficulty among African Americans in this section.

National data from 2010 show that 76% of blacks/African 
Americans compared to 69% of whites, 61% of Hispanics, and 
63% of other racial/ethnic groups expressed an interested in quit-
ting smoking. In 2010, nearly 60% of blacks/African Americans 
reported a quit attempt in the past year, a rate higher than any 
other racial/ethnic group.109 However, in 2010, only 3% of blacks/
African Americans compared to 6% of whites, 19% of Hispanics, 
and 10% of other racial/ethnic groups were able to quit for at least 
6 months.109 Menthol can inhibit quitting processes especially among 
African Americans35,36 since it reduces irritation in the oral cavity,110 
eases inhalation of smoke, and suppresses respiratory irritation.43 
Other studies also show lower successful quit rates among African 
Americans compared to other racial/ethnic groups106,107,111,112 and 
among African American menthol smokers compared with African 
American nonmenthol smokers.106 Lower rates of successful quitting 
due to menthol smoking alone may not explain the disproportionate 
morbidity rates among African Americans, but it deserves further 
investigation.

The Potential Role Menthol Plays in Tobacco-Caused 
Diseases
Comprehensive evidence reviews conducted by TPSAC35 and inde-
pendently by the FDA36 stated that there was insufficient evidence 
to conclude that menthol smokers have an increased risk for any 
chronic disease. The conclusions were based on limited evidence 
even for lung cancer. In the report, the TPSAC indicated that the 
high prevalence of menthol cigarette smoking adds to the burden 
of premature deaths in African Americans. Few studies have been 
specifically designed to answer whether or not menthol is associated 
with chronic disease risk. We include a brief discussion on how men-
thol directly and indirectly through its effects on nicotine influence 
pathways toward chronic disease.

Menthol as a Pathway to Chronic Disease
Studies show that menthol inhibits nicotinic acetylcholine receptors, 
and serotonin-gated ion channels, known to contribute to pain sign-
aling.113,114 If pain signaling is inhibited, the illness symptoms may 
be blunted among menthol smokers and result in delays in seeking 
health care. The desensitizing effects of menthol on nicotine wear off 
over time,101 but the chronicity of this effect reduces tissue-protective 
signaling provided by the irritant sensation.101

Menthol and Nicotine as Pathways to Chronic Disease
Menthol may influence disease pathways through its effects 
on nicotine. Prior studies suggest that African Americans,115–118 
Asians,115,118,119 Hispanics,115–117 and persons of mixed ethnicity have 
slower nicotine metabolism compared to whites.115 Several studies 
also show slower metabolism among menthol compared with nonm-
enthol smokers.117–120 Some studies show slower nicotine metabolism 
among menthol smokers, but the differences between menthol and 
nonmenthol smokers were not significant.121–123 One study conducted 
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by the tobacco industry showed that nicotine metabolism was higher 
among nonmenthol smokers compared with menthol smokers, but 
the differences were not statistically significant.124 One study showed 
that blood cotinine levels were 1.5 times higher in animals exposed 
to L-menthol plus smoking than those exposed to smoke alone.56 It 
is possible that greater exposure of menthol smokers to nicotine can 
trigger coronary events through various pathways.20

Cardiovascular Disease
Death rates due to heart disease, stroke, and hypertension combined 
are higher among African Americans compared to all other ethnic 
groups and almost twice that of white adults.31 Cross-sectional stud-
ies show that former menthol smokers have higher body mass index 
compared with former nonmenthol smokers,125 and that current 
menthol cigarette smokers have significantly higher Framingham 
10-year risk scores (FRS), higher body mass index, a 40% increased 
risk in abdominal obesity, and are more likely to have hyperten-
sion compared with nonmenthol smokers.126 Another study found 
that menthol smokers have higher systolic blood pressure and aor-
tic stiffness index than nonmenthol smokers.127 These studies were 
cross-sectional in nature and therefore, we cannot make conclusions 
about the temporal relationship between menthol smoking and car-
diovascular disease (CVD). However, future studies are needed to 
investigate the mediation role of nicotine in the relationship between 
menthol cigarette smoking and CVD and intermediate disease out-
comes such as obesity. Nicotine is an independent risk factor for 
CVD and accelerates atherosclerosis.20,128

Cancer
Studies do not show that nicotine20 or menthol35,36 cause cancer in 
humans, but nicotine can bioactivate carcinogenic pathways as indi-
cated in the 2014 Surgeon General Report. Nicotine can inhibit apo-
tosis in the lung cells; activate Ras-Raf ERK cascade; and stimulate 
fibronectin production activating ERK, P13-K, mTOR, and PPAR-ß/δ.20 
Nicotine could potentially promote metastases.20 Higher doses of nico-
tine in cells have also induced cytoxicity.20 Furthermore, there is some 
evidence of nicotine’s potential risk in oral, esophageal, and pancreatic 
cancer.20 Studies are needed to investigate how nicotine may mediate 
the relationship between menthol smoking and carcinogenic pathways.

Chronic Obstructive Pulmonary Disease
Studies on the relationship between COPD and menthol smoking are 
limited. One study did not show differences between menthol and 
nonmenthol smokers in COPD and comorbidities like CVD, periph-
eral vascular disease, hypertension, diabetes, osteoporosis, cerebral 
vascular disease, and gastro-oesophageal reflux. However, the longi-
tudinal results show that menthol smokers experience more severe 
exacerbations of COPD compared with nonmenthol smokers.129 The 
results did not stratify the data by race/ethnicity. Studies are needed 
to better understand how menthol exacerbates COPD and whether 
or not this pathway increases the risk for lung cancer.

Discussion

This article provides an overview of the potential role that men-
thol cigarettes play in the black/African American smoking para-
dox. Based on our review, this topic is an under-investigated area 
of research. Menthol cigarette smoking is high among African 
Americans and we postulate that menthol influences the paradox 

through several pathways. Menthol’s interaction with taster status 
and age-related thresholds may protect blacks/African Americans 
from smoking in adolescence, but facilitate smoking in older age 
since sensitivity to bitter taste declines with age. As blacks / African 
Americans age and bitter taste thresholds increase, then they may 
be more likely to tolerate cigarettes with the addition of menthol, 
which facilitates the ease of smoking. A  second pathway is that 
African Americans who begin smoking at later ages than whites may 
experience dramatic increases in cigarette smoking because of men-
thol. The initiation of menthol cigarette smoking in blacks/African 
Americans increases the odds of transitioning to regular smoking. 
Menthol cigarette smoking is lower among whites compared with 
blacks/African Americans. Because smoking initiation occurs later 
in life in African Americans compared with whites, the increases in 
smoking prevalence observed in blacks/African Americans would 
not be observed among whites during young adulthood.

A third pathway is that menthol increases nicotine dependence 
and quitting difficulty. Thus, continued smoking among African 
Americans increases the risk for chronic diseases. A fourth pathway 
is that menthol increases the availability of nicotine and nicotine 
has its own effects on biological mechanism that increase disease 
risk. Menthol cigarette smoking itself may also increase disease risk 
by inhibiting pain signaling and blunting illness symptoms, result-
ing in delayed health care and possible late diagnoses of diseases. In 
summary, empirical studies are needed to confirm or disconfirm the 
pathways we highlight in this article so that we can better explain 
paradoxical findings.

There are a myriad of other factors that could help to explain the 
African American smoking paradox that were beyond the scope of 
a single article. We acknowledge that poverty, discrimination, neigh-
borhood deprivation and segregation, educational attainment, and 
social influences should be investigated as independent predictors 
of smoking and disease. Discrimination, as one measure of social 
disadvantage, has been associated with cigarette smoking among 
blacks/African Americans, but not the initiation of smoking among 
adolescents.130–132 Future studies are needed to explore the role of 
social disadvantage in the African American smoking paradox and 
particularly among adults.

The role of marketing of menthol cigarettes to blacks/African 
Americans and marketing’s role in the African American smoking 
paradox cannot be understated. TPSAC concluded that marketing 
messages for menthol have differed from messages used for nonm-
enthol cigarettes and increases the prevalence of smoking beyond 
the anticipated prevalence for the whole population, youth, and 
African Americans. FDA concluded that the marketing of menthol 
is associated with brand preference.36 We believe that the evidence 
related to marketing is quite strong. Heavy marketing campaigns 
began in the 1960s.133 African Americans are disproportionately 
exposed to tobacco advertising,134 and marketing and promotion 
can influence purchasing behaviors135 and smoking initiation and 
maintenance.136 The marketing and disproportionate marketing 
of menthol cigarettes may have helped to establish social norms 
and normalize menthol smoking and brand preference in African 
American communities.

As we move forward to address the African American smok-
ing paradox, it is important to consider the role of policies, 
including those that would reduce menthol marketing to blacks/
African Americans. Existing policies have not been shown to have 
the desired effects on menthol smoking since menthol smoking is 
increasing among young adults, while nonmenthol smoking is 
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decreasing.46 Public health policy related to menthol could arguably 
have a substantial influence on reducing overall smoking among 
African Americans. The US Congress had the unique opportunity 
to implement such a policy and the language in the Family Smoking 
Prevention and Tobacco Control Act was heavily debated in the 
media.137 After much debate and opposition from individuals and 
organizations, menthol was excluded from the ban on characterizing 
flavors. Following the passing of the Family Smoking Prevention and 
Tobacco Control Act in 2009 by Congress, the federal government 
through the FDA had an opportunity to act upon recommendations 
of the TPSAC, who in 2011 recommended that menthol cigarettes 
be removed from the public health market.35 However, US District 
Court Judge Richard Leon barred the FDA from using the TPSAC 
menthol report to inform future regulation. The FDA and TPSAC 
reports were independent of each other, but made similar conclu-
sions regarding the harms of menthol.

In September 2015, 4 years after the TPSAC report made the rec-
ommendation to remove menthol cigarettes from the public health 
market, the FDA issued orders to R. J. Reynolds Tobacco Company 
to stop the sales, distribution and marketing of Camel Crush Bold, 
Pall Mall Deep Set Recessed Filter Menthol, Pall Mall Deep Set 
Recessed, and Vantage Tech 13.138 Under FDA, new products that are 
determined to not be “substantially equivalent” (NSE) to respective 
predicated products commercially marketed prior to February 15, 
2007 can be removed from the public health market. The FDA pro-
vides the opportunity for the manufacturer to provide evidence that 
the product does not raise different questions related to public health 
or have different features like changes in burn properties, charac-
terizing flavor, flavor delivery, free nicotine or other features.139 For 
example, consumers can “self-deliver” the menthol in Camel Crush 
Bold via a “menthol capsule” and its influences on smoking initia-
tion, dependence and cessation are unknown.

The FDA decision does not impact Newport (formerly manu-
factured by Lorillard, Inc now owned by R. J. Reynolds Tobacco 
Company), which is the most common cigarette brand used by 
African Americans and is a menthol cigarette.35 Some reports sug-
gest that adding Newport to the Reynolds’ portfolio will boost the 
number of retailers that sign up for the company’s discount pro-
gram, known as Reynolds’ Every Day Low Price retailer agreement 
program.140 Nearly 65% of retailers believe that Newport sales will 
grow faster if added to the program.141 Despite the potential future 
market gains by Newport cigarettes, FDA’s use of the NSE order pro-
vides precedence for FDA’s future investigation of tobacco industry 
applications related to menthol cigarettes, smokeless tobacco, and 
if deemed, menthol flavored cigars and electronic cigarette juices 
and refill cartomizers. Given menthol’s interactions with nicotine, 
it is critically important that policies consider how these new prod-
ucts impact the public’s health, and specifically groups like African 
Americans who disproportionately use menthol cigarettes.

Policies in all states and localities could potentially influence men-
thol smoking among African Americans, but targeting geographic 
areas where African Americans live may be important. In Chicago, 
where 33% of people are African American and 23% are poor,142 
community organizers succeeded in banning the sales of menthol 
cigarettes smoking within 500 feet from schools.143

Policies could also include reducing natural or synthetic menthol, 
menthol analogues, and other chemical that mimic the effects of men-
thol such as it cooling effects produced when TRPM8 receptors144 or 
TRPV3145 are activated. If such actions are taken, the greatest benefit 
are likely to be observed if done in conjunction with policies related 

to reducing nicotine levels in tobacco products since menthol and 
nicotine interact and menthol has desensitizing effects on nicotine.101 
Lowering menthol amounts to levels that are no longer detectable 
could influence initiation and continued to smoke.

Limitations
Our study does not discuss smoking topography and smoke intake 
since there are limited data related to African Americans. We do not 
distinguish between African Americans, Caribbean-born blacks, 
blacks from different African nations, or Hispanic African Americans 
since these data are also limited. Other forms of tobacco including 
cigars, electronic cigarettes, hookah, and smokeless tobacco were 
not discussed. As we report in the introduction, concurrent use rates 
of cigarettes and other tobacco are low among African Americans 
and lower than that of whites. Menthol is a complex compound and 
our review does not include all the evidence on menthol that could 
potentially explain the black/African American smoking paradox.

Conclusions

This article summarizes why we should continue to investigate men-
thol’s role in the African American smoking paradox. Prospective 
studies that include chemosensory measures are needed to better 
understand how taste sensitivity influences smoking initiation, main-
tenance, and intensity of smoking in youth and young adulthood. 
Mechanistic studies in vitro and in vivo are needed to understand how 
menthol and menthol cigarettes influence the administration of nico-
tine in youth and in young adults. To understand disease trajectories, 
studies that examine menthol cigarette effects on cellular mechanism 
and the association with disease processes, biomarkers of tobacco 
smoke exposure, and chronic disease risk among racial/ethnic and 
gender groups are needed. Studies are needed to determine both how 
menthol cigarettes directly influence smoking and chronic disease risk, 
and indirectly through its effects on nicotine or other constituents in 
cigarettes. Future studies may also consider using latent class mod-
eling to better understand different risk profiles among never smokers, 
experimenters, current smokers and those who are diseased. Although 
the existing data do not fully explain the smoking paradox among 
blacks/African Americans, what is known is that if it were not for 
menthol, blacks/African Americans would not suffer disproportion-
ately from tobacco-caused morbidity and mortality.

Funding
None declared.

Declaration of Interests
None declared.

Disclaimer
The findings and conclusions are the author’s, not necessarily the CDC’s.

Supplement Sponsorship
This article appears as part of the supplement “Critical Examination of Factors 
Related to the Smoking Trajectory among African American Youth and Young 
Adults,” sponsored by the Centers for Disease Control and Prevention  contract 
no. 200-2014-M-58879.

Nicotine & Tobacco Research, 2016, Vol. 18, Suppl. 1 S97



References

 1. United States Census Quick Facts. 2014. http://quickfacts.census.gov/qfd/
states/00000.html. Accessed April 25, 2015.

 2. Centers for Disease Control (CDC). Health Disparities and Inequalities 
Report. 2013. www.cdc.gov/minorityhealth/CHDIReport.html. Accessed 
April 25, 2015.

 3. Kochanek KD, Arias E, Anderson RN. How Did Cause of Death 
Contribute to Racial Differences in Life Expectancy in the United States 
in 2010? NCHS Data Brief, no 125. Hyattsville, MD: National Center for 
Health Statistics; 2013.

 4. Etzel CJ, Kachroo S, Liu M, et al. Development and validation of a lung 
cancer risk prediction model for African-Americans. Cancer Prev Res 
(Phila). 2008;1(4):255–265. doi:10.1158/1940-6207.CAPR-08-0082.

 5. Haiman CA, Stram DO, Wilkens LR, et al. Ethnic and racial differences in 
the smoking-related risk of lung cancer. N Engl J Med. 2006;354(4):333–
342. doi:10.1056/NEJMoa033250.

 6. Fagan P, Moolchan ET, Lawrence D, Fernander A, Ponder PK. 
Identifying health disparities across the tobacco continuum. Addiction. 
2007;102(suppl 2):5–29. doi:10.1111/j.1360-0443.2007.01952.x.

 7. Feigelman W, Lee J. Probing the paradoxical pattern of cigarette smoking 
among African-Americans: low teenage consumption and high adult use. 
J Drug Educ. 1995;25(4):307–302. http://www.ncbi.nlm.nih.gov/pub-
med/8907402. Accessed August 25, 2015.

 8. Peters RJ Jr, Kelder SH, Johnson RJ, et al. Cigarette smoking topography 
among alternative school youth: why African American youth smoke less 
but are at higher long-term risk. J Psychoactive Drugs. 2012;44(3):252–
258. doi:10.1080/02791072.2012.703514.

 9. Suckman M, Puzzanchera C (eds). Juvenile Offenders and Victims: 2014 
National Report. Pittsburgh, PA: National Center for Juvenile Justice. 
Office of Juvenile Justice and Delinquency Prevention; 2014.

 10. US Department of Health and Human Services. Prevention Tobacco 
Use Among Youth and Adults. A  report of the US Surgeon General. 
Atlanta, GA: US Department of Health and Human Services, Centers for 
Disease Control and Prevention, National Center for Chronic Disease 
Prevention and Health Promotion, Office on Smoking and Health;  
2012.

 11. US Department of Health and Human Services, Office of the Surgeon 
General. Tobacco Use Among U.S. Ethnic/Racial and Minority Groups—
African Americans, American Indians and Alaska Natives, Asian 
Americans and Pacific Islanders, and Hispanics: A Report of the Surgeon 
General. Atlanta, GA: US Department of Health and Human Services, 
CDC; 1998.

 12. Trinidad DR, Gilpin EA, Lee L, Pierce JP. Do the majority of Asian-
American and African-American smokers start as adults? Am J Prev Med. 
2004;26(2):156–158. doi:10.1016/j.amepre.2003.10.008.

 13. Kena G, Musu-Gillette L, Robinson J, et al. The Condition of Education, 
2015. (NCES 2015–144). Washington, DC: U.S. Department of Education, 
National Center for Education Statistics; 2015.

 14. Feldstein Ewing SW, Venner KL, Mead MK, Bryan AD. Exploring racial/
ethnic differences in substance use: a preliminary theory-based investiga-
tion with juvenile justice-involved youth. BMC Pediatrics. 2011;11:71. 
doi:10.1186/1471-2431-11-71.

 15. Cropsey KL, Linker JA, Waite DE. An analysis of racial and sex dif-
ferences for smoking among adolescents in a juvenile correctional 
center. Drug Alcohol Depend. 2008;92(1–3):156–163. doi:10.1016/j.
drugalcdep.2007.07.018.

 16. Centers for Disease Control and Prevention. Tobacco products among mid-
dle and high school students—United States 2011–2012. MMWR Morb 
Mortal Wkly Rep. 2013;62(45):893–897. Accessed August 25, 2015.

 17. US Department of Health and Human Services, Office of the Surgeon 
General. Preventing Tobacco Use Among Young People: A Report of the 
Surgeon General. Atlanta, GA: US Department of Health and Human 
Services, CDC; 1994.

 18. Arrazola RA, Singh T, Corey CG, et al. Tobacco use among middle and 
high school students—United States, 2011–2014. MMWR Morb Mortal 
Wkly Rep. 2015;64(14):381–385. Accessed August 25, 2015.

 19. Monitoring the Future. www.monitoringthefuture.org/
data/14data/14tobtbl8.pdf. Accessed August 25, 2015.

 20. U.S. Department of Health and Human Services. The Health 
Consequences of Smoking—50 Years of Progress: A  Report of the 
Surgeon General. Atlanta, GA: U.S. Department of Health and Human 
Services, Centers for Disease Control and Prevention, National Center 
for Chronic Disease Prevention and Health Promotion, Office on 
Smoking and Health; 2014.

 21. Lawrence EM, Pampel FC, Mollborn S. Life course transitions and racial 
and ethnic differences in smoking prevalence. Adv Life Course Res. 
2014;22:27–40. doi:10.1016/j.alcr.2014.03.002.

 22. Delnevo CD, Giovenco DP, Ambrose BK, Corey CG, Conway KP. 
Preference for flavoured cigar brands among youth, young adults and 
adults in the USA. Tob Control. 2015;24(4):389–394. doi:10.1136/
tobaccocontrol-2013-051408.

 23. Garrett BE, Dube SR, Trosclair A, Caraballo RS, Pechacek RS. Cigarette 
Smoking—United States, 1965–2008. MMWR Morb Mortal Wkly 
Rep. 2011;60(1):109–113. www.ncbi.nlm.nih.gov/pubmed/21430635. 
Accessed August 25, 2015.

 24. Centers for Disease Control and Prevention. Cigarette smoking 
among adults—United States, 1994. MMWR Morb Mortal Wkly Rep. 
1996;45(27):588–590. www.ncbi.nlm.nih.gov/pubmed/9132579. 
Accessed August 25, 2015.

 25. Jamal A, Agaku IT, O’Connor E, King BA, Kenemer JB, Neff L. Current 
cigarette smoking among adults—United States, 2005–2013. MMWR 
Morb Mortal Wkly Rep. 2014;63(47):1108–1112. www.ncbi.nlm.nih.
gov/pubmed/25426653. Accessed August 25, 2015.

 26. Blot WJ, Cohen SS, Aldrich M, McLaughlin JK, Hargreaves MK, Signorello 
LB. Lung cancer risk among smokers of menthol cigarettes. J Natl Cancer 
Inst. 2011;103(10):810–816. doi:10.1093/jnci/djr102.

 27. Surveillance Epidemiology and End Results Program. 2012. http://seer.
cancer.gov/faststats/. Accessed April 25, 2015.

 28. CDC. Chronic obstructive pulmonary disease among adults—United 
States, 2011. MMWR Morb Mortal Wkly Rep. 2012;61(46):938–943. 
www.ncbi.nlm.nih.gov/pubmed/23169314. Accessed August 25, 2015.

 29. Go AS, Mozaffarian D, Roger VL, et  al. American Heart Association 
Statistics Committee and Stroke Statistics Subcommittee. Executive sum-
mary: heart disease and stroke statistics—2014 update: a report from 
the American Heart Association. Circulation. 2014;129(3):399–410. 
doi:10.1161/01.cir.0000442015.53336.12.

 30. CDC. Prevalence of stroke—United States, 2006–2010. MMWR, Morb 
Mortal Wkly Rep. 2012;61(20):379–382. www.ncbi.nlm.nih.gov/pub-
med/22622094. Accessed August 25, 2015.

 31. CDC. Vital signs: avoidable deaths from heart disease, stroke, and hyper-
tensive disease —United States, 2001–2010. MMWR Morb Mortal Wkly 
Rep. 2013;62(35):721–727. www.ncbi.nlm.nih.gov/pubmed/24005227. 
Accessed August 25, 2015.

 32. Garten S, Falkner RV. Continual smoking of mentholated cigarettes may 
mask the early warning symptoms of respiratory disease. Prev Med. 
2003;37(4):291–296. doi:10.1016/S0091-7435(03)00116-6.

 33. Garten S, Falkner RV. Role of mentholated cigarettes in increased nicotine 
dependence and greater risk of tobacco-attributable disease. Prev Med. 
2004;38(6):793–798. doi:10.1016/j.ypmed.2004.01.019.

 34. Hooper MW, Zhao W, Byrne MM, et  al. Menthol cigarette smoking 
and health, Florida 2007 BRFSS. Am J Health Behav. 2011;35(1):3–14. 
doi:10.5993/AJHB.35.1.1.

 35. Tobacco Products Scientific Advisory Committee. Menthol 
Cigarettes and Public Health: Review of the Scientific Evidence and 
Recommendations. 2011. www.fda.gov/downloads/AdvisoryCommittees/
CommitteesMeetingMaterials/TobaccoProductsScientificAdvisory 
Committee/UCM269697.pdf. Accessed March 26, 2012.

 36. Food and Drug Administration. Preliminary scientific evaluation of the 
possible public health effects of menthol versus non-menthol cigarettes. 
2013. www.fda.gov/downloads/ScienceResearch/.../UCM361598.pdf. 
Accessed October 08, 2013.

 37. Herro E, Jacob SE. Mentha piperita (peppermint). Dermatitis. 
2010;21(6):327–329. doi:10.2310/6620.2011.10080.

Nicotine & Tobacco Research, 2016, Vol. 18, Suppl. 1S98

http://quickfacts.census.gov/qfd/states/00000.html
http://quickfacts.census.gov/qfd/states/00000.html
http://www.cdc.gov/minorityhealth/CHDIReport.html
http://www.ncbi.nlm.nih.gov/pubmed/8907402 
http://www.ncbi.nlm.nih.gov/pubmed/8907402 
http://www.monitoringthefuture.org/data/14data/14tobtbl8.pdf
http://www.monitoringthefuture.org/data/14data/14tobtbl8.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21430635
http://www.ncbi.nlm.nih.gov/pubmed/9132579
http://www.ncbi.nlm.nih.gov/pubmed/25426653
http://www.ncbi.nlm.nih.gov/pubmed/25426653
http://seer.cancer.gov/faststats/
http://seer.cancer.gov/faststats/
http://www.ncbi.nlm.nih.gov/pubmed/23169314
http://www.ncbi.nlm.nih.gov/pubmed/22622094
http://www.ncbi.nlm.nih.gov/pubmed/22622094
http://www.ncbi.nlm.nih.gov/pubmed/24005227
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/TobaccoProductsScientificAdvisoryCommittee/UCM269697.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/TobaccoProductsScientificAdvisoryCommittee/UCM269697.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/TobaccoProductsScientificAdvisoryCommittee/UCM269697.pdf
http://www.fda.gov/downloads/ScienceResearch/.../UCM361598.pdf


 38. Galeotti N, Di Cesare Mannelli L, Mazzanti G, Bartolini A, Ghelardini C. 
Menthol: a natural analgesic compound. Neurosci Lett. 2002;322(3):145–
148. www.ncbi.nlm.nih.gov/pubmed/11301871. Accessed August 25, 
2015.

 39. Kamatou GP, Vermaak I, Viljoen AM, Lawrence BM. Menthol: a simple 
monoterpene with remarkable biological properties. Phytochemistry. 
2013;96:15–25. doi:10.1016/j.phytochem.2013.08.005.

 40. Eccles R. Menthol and related cooling compounds J. Pharm. Pharmacol. 
1994;46(8):18–630. www.ncbi.nlm.nih.gov/pubmed/7529306. Accessed 
August 25, 2015.

 41. Jyvakorpi M. Comparison of topical Emla cream with Bonain’s solution 
for anesthesia of the tympanic membrane during tympanocentesis. Eur 
Arch Otorhinol. 1996;253(4–5):234–236. www.ncbi.nlm.nih.gov/pub-
med/8737775. Accessed August 25, 2015.

 42. Korting GW, Weigand UA. New case of reticular hyperplasia connected 
with volatile oils. Hautarzt. 1975;26(7):352–356. www.ncbi.nlm.nih.gov/
pubmed/129442. Accessed August 25, 2015.

 43. Willis DN, Liu B, Ha M, Jordt SE, Morris JB. Menthol attenuates respira-
tory irritation responses to multiple cigarette smoke irritants. FASEB J. 
2011;25(12):4434–4444. doi:10.1096/fj.11-188383.

 44. Nair B. Final report on the safety assessment of Mentha Piperita 
(Peppermint) Oil, Mentha Piperita (Peppermint) Leaf Extract, Mentha 
Piperita (Peppermint) Leaf, and Mentha Piperita (Peppermint) Leaf Water. 
Int J Toxicol. 2001;20(suppl 3):61–73. www.ncbi.nlm.nih.gov/pub-
med/11766133. Accessed August 25, 2015.

 45. McKay DL, Blumberg JB. A review of the bioactivity and potential 
health benefits of peppermint tea (Mentha piperita L.). Phytother Res. 
2006;20(8):619–633. doi:10.1002/ptr.1936.

 46. Giovino GA, Villanti AC, Mowery PD, et  al. Differential trends in cig-
arette smoking in the USA: is menthol slowing progress? Tob Control. 
2015;24(1):28–37. doi:10.1136/tobaccocontrol-2013-051159.

 47. Lawrence D, Rose A, Fagan P, Moolchan ET, Gibson JT, Backinger 
CL. National patterns and correlates of mentholated cigarette 
use in the United States. Addiction. 2010;105(suppl 1):13–31. 
doi:10.1111/j.1360-0443.2010.03203.x.

 48. Gough D, Thomas J, Oliver S. Clarifying differences between review 
designs and methods. Syst Rev. 2012;1:28. doi:10.1186/2046- 
4053-1-28.

 49. Giovino GA, Sidney S, Gfroerer JC, et al. Epidemiology of menthol ciga-
rette use. Nicotine Tob Res. 2004;6(suppl 1):S67–81. doi:10.1080/146222
03710001649696.

 50. Patel T, Ishiuji Y, Yosipovitch G. Menthol: a refreshing look at this ancient 
compound. J Am Acad Dermatol. 2007;57(5):873–878. doi:10.1016/j.
jaad.2007.04.008.

 51. Renner B, Schreiber K. Olfactory and trigeminal interaction of menthol 
and nicotine in humans. Exp Brain Res. 2012;219(1):13–26. doi:10.1007/
s00221-012-3063-2.

 52. Thuerauf N, Kaegler M, Dietz R, Barocka A, Kobal G. Dose-dependent 
stereoselective activation of the trigeminal sensory system by nicotine in 
man. Psychopharmacology (Berl). 1999;142(3):236–243. www.ncbi.nlm.
nih.gov/pubmed/10208315. Accessed August 25, 2015.

 53. Parikh V, Lee-Lim AP, Halpern BP. Retronasal and oral-cavity-only identi-
fication of air-phase trigeminal stimuli. Chemosens Percept. 2009;2(1):9–
24. doi:10.1007/s12078-009-9038-4.

 54. Brown and Williamson. Major menthol brand. A historical review of men-
thol content. Brown and Williamson Bates 581 108 855. http://industry-
documents.library.ucsf.edu/tobacco/docs/fpyk0138. Accessed October 09, 
2012.

 55. Bessac BF, Sivula M, von Hehn CA, Escalera J, Cohn L, Jordt SE. TRPA1 
is a major oxidant sensor in murine airway sensory neurons. J Clin Invest. 
2008;118(5):1899–1910. doi:10.1172/.

 56. Ha MA, Smith GJ, Cichocki JA, et al. Menthol attenuates respiratory irri-
tation and elevates blood cotinine in cigarette smoke exposed mice. PLoS 
One. 2015;10(2):e0117128. doi:10.1371/journal.pone.0117128.

 57. Cliff MA, Green BG. Sensitization and desensitization to capsaicin and 
menthol in the oral cavity: interactions and individual differences. Physiol 
Behav. 1996;59(3):487–494. doi:10.1016/0031-9384(95)02089-6.

 58. Yosipovitch G, Szolar C, Hui XY, Maibach H. Effect of topically applied 
menthol on thermal, pain and itch sensations and biophysical properties of 
the skin. Arch Dermatol Res. 1996;288(5–6):245–248. http://www.ncbi.
nlm.nih.gov/pubmed/8738567. Accessed August 25, 2015.

 59. Palmatier MI, Lantz JE, O’Brien LC, Metz SP. Effects of nicotine on olfac-
togustatory incentives: preference, palatability, and operant choice tests. 
Nicotine Tob Res. 2013;15(9):1545–1554. doi:10.1093/ntr/ntt016.

 60. Wang T, Wang B, Chen H. Menthol facilitates the intravenous self-
administration of nicotine in rats. Front Behav Neurosci. 2014;8:437. 
doi:10.3389/fnbeh.2014.00437.

 61. Borhani Haghighi A, Motazedian S, Rezaii R, et  al. Cutaneous 
application of menthol 10% solution as an abortive treatment of 
migraine without aura: a randomised, double-blind, placebo-con-
trolled, crossed-over study. Int J Clin Pract. 2010;64(4):451–456. 
doi:10.1111/j.1742-1241.2009.02215.x.

 62. Finkenauer R, Pomerleau CS, Snedecor SM, Pomerleau OF. Race dif-
ferences in factors relating to smoking initiation. Addict Behav. 
2009;34(12):1056–1059. doi:10.1016/j.addbeh.2009.06.006.

 63. White HR, Jarrett N, Valencia EY, Loeber R, Wei E. Stages and sequences 
of initiation and regular substance use in a longitudinal cohort of black 
and white male adolescents. J Stud Alcohol Drugs. 2007;68(2):173–181. 
doi:10.15288/jsad.2007.68.173.

 64. Youth Risk Behavioral Survey. 2013. http://nccd.cdc.gov/youthonline/. 
Accessed April 25, 2015.

 65. Substance Abuse and Mental Health Services Administration, Center for 
Behavioral Health Statistics and Quality. The NSDUH Report: Recent 
Trends in Menthol Cigarette Use. Rockville, MD: SAMHA, CBHSQ;2011.

 66. Rath J, Villanti A, Williams V, Richardson A, Pearson J, Vallone D. Patterns 
of longitudinal transitions in menthol use among U.S. young adult smok-
ers. Nicotine Tob Res. 2015;17(7):839–846. doi:10.1093/ntr/ntu247.

 67. Tauras JA, Levy D, Chaloupka FJ, et  al. Menthol and non-menthol 
smoking: the impact of prices and smoke-free air laws. Addiction. 
2010;105(suppl 1):115–123. doi:10.1111/j.1360-0443.2010.03206.x.

 68. Nonnemaker J, Hersey J, Homsi G, Busey A, Allen J, Vallone D. 
Initiation with menthol cigarettes and youth smoking uptake. Addiction. 
2013;108(1):171–178. doi:10.1111/j.1360-0443.2012.04045.x.

 69. Rath JM, Villanti AC, Abrams DB, Vallone DM. Patterns of tobacco use 
and dual use in US young adults: the missing link between youth pre-
vention and adult cessation. J Environ Public Health. 2012;2012:1–9. 
doi:10.1155/2012/679134.

 70. Kreslake J, Ferris Wayne G, Connolly G. The menthol smoker: tobacco 
industry research on consumer sensory perception of menthol cigarettes 
and its role in smoking behavior. Nicotine Tob Res. 2008;10(8):705–716. 
doi:10.1080/14622200801979134.

 71. Bartoshuk LM. Comparing sensory experiences across individuals: recent 
psychophysical advances illuminate genetic variation in taste perception. 
Chem Senses. 2000;25(4):447–460. doi:10.1093/chemse/25.4.447.

 72. Hayes JE, Wallace MR, Knopik VS, Herbstman DM, Bartoshuk LM, 
Duffy VB. Allelic variation in TAS2R bitter receptor genes associates with 
variation in sensations from and ingestive behaviors toward common bit-
ter beverages in adults. Chem Senses. 2011;36(3):311–319. doi:10.1093/
chemse/bjq132.

 73. Bufe B, Breslin PA, Kuhn C, et al. The molecular basis of individual differ-
ences in phenylthiocarbamide and propylthiouracil bitterness perception. 
Curr Biol. 2005;15(4):322–327. doi:10.1016/j.cub.2005.01.047.

 74. Prodi DA, Drayna D, Forabosco P, et al. Bitter taste study in a sardinian 
genetic isolate supports the association of phenylthiocarbamide sensitivity 
to the TAS2R38 bitter receptor gene. Chem Senses. 2004;29(8):697–702. 
doi:10.1093/chemse/bjh074.

 75. Lloyd Spud Hughes and menthol patent. http://goodhealth.freeservers.
com/SpudPatentSept29_1925.jpg. Accessed May 02, 2015.

Nicotine & Tobacco Research, 2016, Vol. 18, Suppl. 1 S99

http://www.ncbi.nlm.nih.gov/pubmed/11301871
http://www.ncbi.nlm.nih.gov/pubmed/7529306 
http://www.ncbi.nlm.nih.gov/pubmed/8737775 
http://www.ncbi.nlm.nih.gov/pubmed/8737775 
http://www.ncbi.nlm.nih.gov/pubmed/129442 
http://www.ncbi.nlm.nih.gov/pubmed/129442 
http://www.ncbi.nlm.nih.gov/pubmed/11766133
http://www.ncbi.nlm.nih.gov/pubmed/11766133
http://www.ncbi.nlm.nih.gov/pubmed/10208315
http://www.ncbi.nlm.nih.gov/pubmed/10208315
http://industrydocuments.library.ucsf.edu/tobacco/docs/fpyk0138 
http://industrydocuments.library.ucsf.edu/tobacco/docs/fpyk0138 
http://www.ncbi.nlm.nih.gov/pubmed/8738567 
http://www.ncbi.nlm.nih.gov/pubmed/8738567 
http://nccd.cdc.gov/youthonline/
http://goodhealth.freeservers.com/SpudPatentSept29_1925.jpg
http://goodhealth.freeservers.com/SpudPatentSept29_1925.jpg


 76. Fox AL. The relationship between chemical constitution and taste. Proc 
Natl Acad Sci USA. 1932;18(1):115–120. www.ncbi.nlm.nih.gov/pub-
med/16577421. Accessed August 25, 2015.

 77. Bartoshuk LM, Duffy VB, Miller IJ. PTC/PROP tasting: anatomy, psy-
chophysics, and sex effects. Physiol Behav. 1994;56(6):1165–1171. www.
ncbi.nlm.nih.gov/pubmed/7878086. Accessed September 24, 2015.

 78. Bartoshuk LM, Duffy VB, Green BG, et al. Valid across-group compari-
sons with labeled scales: the gLMS versus magnitude matching. Physiol 
Behav. 2004;82(1):109–114. doi:10.1016/j.physbeh.2004.02.033.

 79. Tepper BJ, Christensen CM, Cao J. Development of brief methods to clas-
sify individuals by PROP taster status. Physiol Behav. 2001;73(4):571–
577. doi:10.1016/S0031-9384(01)00500-5.

 80. Bartoshuk LM, Duffy VB, Lucchina LA, Prutkin J, Fast K. PROP (6-n-pro-
pylthiouracil) supertasters and the saltiness of NaCl. Ann N Y Acad Sci. 
1998;855:793–796. doi:10.1111/j.1749-6632.1998.tb10660.x.

 81. Bartoshuk LM. Taste. Robust across the age span? Ann N Y Acad Sci. 
1989;561:65–75. doi:10.1111/j.1749-6632.1989.tb20970.x.

 82. Enoch MA, Harris CR, Goldman D. Does a reduced sensitivity to bit-
ter taste increase the risk of becoming nicotine addicted? Addict Behav. 
2001;26(3):399–404. doi:10.1016/S0306-4603(00)00117-9.

 83. Drewnowski A. Genetics of taste and smell. World Rev Nutr Diet. 1990;63:194–
208. www.ncbi.nlm.nih.gov/pubmed/2197798. Accessed August 25, 2015.

 84. Mennella JA, Pepino MY, Duke FF, Reed DR. Age modifies the genotype-
phenotype relationship for the bitter receptor TAS2R38. BMC Genet. 
2010;11:60. doi:10.1186/1471-2156-11-60.

 85. Ooi SX, Lee PL, Law HY, Say YH. Bitter receptor gene (TAS2R38) P49A 
genotypes and their associations with aversion to vegetables and sweet/fat 
foods in Malaysian subjects. Asia Pac J Clin Nutr. 2010;19(4):491. http://
apjcn.nhri.org.tw/server/APJCN/19/4/491.pdf. Accessed August 25, 2015.

 86. Bertino M, Beauchamp GK, Jen KC. Rated taste perceptions in two cul-
tural groups. Chemical Sensens. 1983;8:3–15. doi:10.1093/chemse/8.1.3.

 87. Reed DR, Tanaka T, McDaniel AH. Diverse tastes: genetics of sweet and 
bitter perception. Physiol Behav. 2006;88(3):215–226. doi:10.1016/j.
physbeh.2006.05.033.

 88. Bartoshuk LM, Beauchamp GK. Chemical senses. Annu Rev Psychol. 
1994;45:419–449. doi:10.1146/annurev.ps.45.020194.002223.

 89. Mennella JA, Reed DR, Mathew PS, Roberts KM, Mansfield CJ. “A 
spoonful of sugar helps the medicine go down”: bitter masking by sucrose 
among children and adults. Chem Senses. 2015;40(1):17–25. doi:10.1093/
chemse/bju053.

 90. Mojet J, Christ-Hazelhof E, Heidema J. Taste perception with age: generic 
or specific losses in threshold sensitivity to the five basic tastes? Chem 
Senses. 2001;26(7):845–860. doi:10.1093/chemse/26.7.845.

 91. Bell KI, Tepper BJ. Short-term vegetable intake by young children classified by 
6-n-propylthoiuracil bitter-taste phenotype. Am J Clin Nutr. 2006;84(1):245–
251. http://ajcn.nutrition.org/content/84/1/245.long. Accessed August 25,  
2015.

 92. Turnbull B, Matisoo-Smith E. Taste sensitivity to 6-n-propylthiouracil 
predicts acceptance of bitter-tasting spinach in 3-6-y-old children. Am 
J Clin Nutr. 2002;76(5):1101–1105. http://ajcn.nutrition.org/con-
tent/76/5/1101.long. Accessed August 25, 2015.

 93. Guo SW, Shen FM, Wang YD, Zheng CJ. Threshold distributions of phe-
nylthiocarbamide (PTC) in the Chinese population. Ann N Y Acad Sci. 
1998;855:810–812. doi:10.1111/j.1749-6632.1998.tb10664.x.

 94. Kozlowski LT, Kleiman RM. Effects of oral pH on cigarette smoking. 
Pharmacol Biochem Behav. 1978;9(4):477–480. http://www.ncbi.nlm.
nih.gov/pubmed/32551

 95. Scott TR, Giza BK, Yan J. Electrophysiological responses to bit-
ter stimuli in primate cortex. Ann N Y Acad Sci. 1998;855:498–501. 
doi:10.1111/j.1749-6632.1998.tb10613.x.

 96.  Peterson DI, Lonergan LH, Hardinge MG, Linda L. Smoking and taste 
perception. Archives of Environmental Health. 1968;16(2):219–222. 
www.ncbi.nlm.nih.gov/pubmed/5646445. Accessed August 25, 2015.

 97.  Kaplan AR, Glanville EV, Fischer R. Taste thresholds for bitterness and 
cigarette smoking. Nature. 1964;202:1366. www.ncbi.nlm.nih.gov/pub-
med/14210998. Accessed August 25, 2015.

 98.  Cannon DS, Baker TB, Piper ME, et al. Associations between phenylthio-
carbamide gene polymorphisms and cigarette smoking. Nicotine Tob Res. 
2005;7(6):853–858. doi:10.1080/14622200500330209.

 99.  Thomas CB, Cohen BH. Comparison of smokers and non-smokers. 
I. A preliminary report on the ability to taste phenylthiourea (P.T.C). Bull 
Johns Hopkins Hosp. 1960;106:205–214. www.ncbi.nlm.nih.gov/pub-
med/13837927. Accessed August 25, 2015.

 100. Frasnelli J, Hummel T. Age-related decline of intranasal trigeminal 
sensitivity: is it a peripheral event? Brain Res. 2003;987(2):201–206. 
doi:10.1016/S0006-8993(03)03336-5.

 101. Dessirier JM, O’Mahony M, Carstens E. Oral irritant properties of men-
thol: sensitizing and desensitizing effects of repeated application and 
cross-desensitization to nicotine. Physiol Behav. 2001;3(1–2):25–36. 
doi:10.1016/S0031-9384(01)00431-0.

 102. Mangold JE, Payne TJ, Ma JZ, Chen G, Li MD. Bitter taste receptor gene 
polymorphisms are an important factor in the development of nicotine 
dependence in African Americans. J Med Genet. 2008;45(9):578–582. 
doi:10.1136/jmg.2008.057844.

 103. Hellekant G. The effect of menthol on taste receptors. Acta Physiol 
Scand. 1969;76(3):361–368. doi:10.1111/j.1748-1716.1969.tb04479.x.

 104. Doll R, Peto R, Wheatley K, Gray R, Sutherland I. Mortality in rela-
tion to smoking: 40 years’ observations on male British doctors. BMJ. 
1994;309(6959):901–911. doi:10.1136/bmj.309.6959.901.

 105. Lewis M, Wang Y, Berg CJ. Tobacco control environment in the United 
States and individual consumer characteristics in relation to continued 
smoking: differential responses among menthol smokers? Prev Med. 
2014;65:47–51. doi:10.1016/j.ypmed.2014.04.019.

 106. Trinidad DR, Pérez-Stable EJ, Messer K, White MM, Pierce JP. 
Menthol cigarettes and smoking cessation among racial/ethnic 
groups in the United States. Addiction. 2010;105(suppl 1):84–94. 
doi:10.1111/j.1360-0443.2010.03187.x.

 107. Okuyemi KS, Faseru B, Sanderson Cox L, Bronars CA, Ahluwalia JS. 
Relationship between menthol cigarettes and smoking cessation among 
African American light smokers. Addiction. 2007;102(12):1979–1986. 
doi:10.1111/j.1360-0443.2007.02010.x.

 108. Smith SS, Fiore MC, Baker TB. Smoking cessation in smokers who smoke 
menthol and non-menthol cigarettes. Addiction. 2014;109(12):2107–
2117. doi:10.1111/add.12661.

 109. CDC. Quitting smoking among adults—United States, 2001–2010. 
MMWR. 2011;60(44):1513–1519. Accessed August 25, 2015.

 110. Cliff MA, Green BG. Sensory irritation and coolness produced by men-
thol: evidence for selective desensitization of irritation. Physiol Behav. 
1994;56(5):1021–1029. doi:10.1016/0031-9384(94)90338-7.

 111. Trinidad DR, Gilpin EA, White MM, Pierce JP. Why does adult African-
American smoking prevalence in California remain higher than for non-
Hispanic whites? Ethn Dis. 2005;15(3):505–511. http://www.ncbi.nlm.
nih.gov/pubmed/16108312. Accessed August 25, 2015.

 112. Covey LS, Botello-Harbaum M, Glassman AH, et al. Smokers’ response 
to combination bupropion, nicotine patch, and counseling treatment by 
race/ethnicity. Ethn Dis. 2008;18(1):59–64. http://www.ncbi.nlm.nih.
gov/pubmed/18447101. Accessed August 25, 2015.

 113. Hans M, Wilhelm M, Swandulla D. Menthol suppresses nicotinic ace-
tylcholine receptor functioning in sensory neurons via allosteric modu-
lation. Chem Senses. 2012;37(5):463–469. doi:10.1093/chemse/bjr128.

 114. Heimes K, Hauk F, Verspohl EJ. Mode of action of peppermint oil and 
(−)-menthol with respect to 5-HT3 receptor subtypes: binding studies, 
cation uptake by receptor channels and contraction of isolated rat ileum. 
Phytother Res. 2011;25(5):702–708. doi:10.1002/ptr.3316.

 115. Rubinstein ML, Shiffman S, Rait MA, Benowitz NL. Race, gender, 
and nicotine metabolism in adolescent smokers. Nicotine Tob Res. 
2013;15(7):1311–1315. doi:10.1093/ntr/nts272.

 116. Perez-Stable EJ, Herrera B, Jacob P III, et al. Nicotine metabolism and 
intake in Black and White smokers. JAMA. 1998;280(2):152–156. 
doi:10.1001/jama.280.2.152.

 117. Caraballo RS, Giovino GA, Pechacek TF, et  al. Racial and ethnic dif-
ferences in serum cotinine levels of cigarette smokers: Third National 

Nicotine & Tobacco Research, 2016, Vol. 18, Suppl. 1S100

http://www.ncbi.nlm.nih.gov/pubmed/16577421
http://www.ncbi.nlm.nih.gov/pubmed/16577421
http://www.ncbi.nlm.nih.gov/pubmed/7878086 
http://www.ncbi.nlm.nih.gov/pubmed/7878086 
http://www.ncbi.nlm.nih.gov/pubmed/2197798 
http://apjcn.nhri.org.tw/server/APJCN/19/4/491.pdf
http://apjcn.nhri.org.tw/server/APJCN/19/4/491.pdf
http://ajcn.nutrition.org/content/84/1/245.long
http://ajcn.nutrition.org/content/76/5/1101.long
http://ajcn.nutrition.org/content/76/5/1101.long
http://www.ncbi.nlm.nih.gov/pubmed/32551 
http://www.ncbi.nlm.nih.gov/pubmed/32551 
http://www.ncbi.nlm.nih.gov/pubmed/5646445 
http://www.ncbi.nlm.nih.gov/pubmed/14210998 
http://www.ncbi.nlm.nih.gov/pubmed/14210998 
http://www.ncbi.nlm.nih.gov/pubmed/13837927
http://www.ncbi.nlm.nih.gov/pubmed/13837927
http://www.ncbi.nlm.nih.gov/pubmed/16108312 
http://www.ncbi.nlm.nih.gov/pubmed/16108312 
http://www.ncbi.nlm.nih.gov/pubmed/18447101 
http://www.ncbi.nlm.nih.gov/pubmed/18447101 


Health and Nutrition Examination Survey, 1988–1991. JAMA. 
1998;280(2):135–139. doi:10.1001/jama.280.2.135.

 118. Kandel DB, Hu MC, Schaffran C, Udry JR, Benowitz NL. Urine nicotine 
metabolites and smoking behavior in a multiracial/multiethnic national 
sample of young adults. Am J Epidemiol. 2007;165(8):901–910. 
doi:10.1093/aje/kwm010.

 119. Djordjevic N, Carrillo JA, van den Broek MP, et al. Comparisons of CYP2A6 
genotype and enzyme activity between Swedes and Koreans. Drug Metab 
Pharmacokinet. 2013;28(2):93–97. doi:10.2133/dmpk.DMPK-12-RG-029.

 120. Fagan P, Pokhrel P, Herzog TA, et  al. Nicotine metabolism in young-
adult daily menthol and nonmenthol smokers [published online ahead 
of print May 19, 2015]. Nicotine Tob Res. 2015. doi:10.1093/ntr/ 
ntv109.

 121. Ho MK, Mwenifumbo JC, Al Koudsi N, et  al. Association of nico-
tine metabolite ratio and CYP2A6 genotype with smoking cessation 
treatment in African-American light smokers. Clin Pharmacol Ther. 
2009;85(6):635–643. doi:10.1038/clpt.2009.19.

 122. Benowitz NL, Dains KM, Dempsey D, Wilson M, Jacob P. Racial differ-
ences in the relationship between number of cigarettes smoked and nico-
tine and carcinogen exposure. Nicotine Tob Res. 2011;13(9):772–783. 
doi:10.1093/ntr/ntr072.

 123. Williams JM, Gandhi KK, Steinberg ML, Foulds J, Ziedonis DM, 
Benowitz NL. Higher nicotine and carbon monoxide levels in menthol 
cigarette smokers with and without schizophrenia. Nicotine Tob Res. 
2010;9(8):873–881. doi:10.1093/ntr/ntq102.

 124. Mwenifumbo JC, Al Koudsi N, Ho MK, et  al. Novel and established 
CYP2A6 alleles impair in vivo nicotine metabolism in a population of 
Black African descent. Hum Mutat. 2008;29(5):679–688. doi:10.1002/
humu.20698.

 125. Mendiondo MS, Alexander LA, Crawford T. Health profile differences 
for menthol and non-menthol smokers: findings from the National 
Health Interview Survey. Addiction. 2010;105(suppl 1):124–140. 
doi:10.1111/j.1360-0443.2010.03202.x.

 126. Míguez-Burbano MJ, Vargas M, Quiros C, Lewis JE, Espinoza L, 
Deshratan A. Menthol cigarettes and the cardiovascular risks of peo-
ple living with HIV. J Assoc Nurses AIDS Care. 2014;25(5):427–435. 
doi:10.1016/j.jana.2014.01.006.

 127. Ciftçi O, Güllü H, Calişkan M, et  al. Mentholated cigarette smoking 
and brachial artery, carotid artery, and aortic vascular function. Turk 
Kardiyol Dern Ars. 2009;37(4):234–240. http://www.ncbi.nlm.nih.gov/
pubmed/19717955. Accessed August 25, 2015.

 128. Benowitz NL. The role of nicotine in smoking-related cardiovascular 
disease. Prev Med. 1997;26(4):412–417. doi:10.1006/pmed.1997.0175.

 129. Park SJ, Foreman MG, Demeo DL, et al. Menthol cigarette smoking in 
the COPDGene cohort: relationship with COPD, comorbidities and CT 
metrics. Respirology. 2015;20(1):108–114. doi:10.1111/resp.12421.

 130. Landrine H, Klonoff EA. Racial discrimination and cigarette smoking among 
Blacks: findings from two studies. Ethn Dis. 2000;10(2):195–202. http://
www.ncbi.nlm.nih.gov/pubmed/10892825. Accessed August 25, 2015.

 131. Fagan P, Brook JS, Rubenstone E, Zhang C, Brook DW. Longitudinal pre-
cursors of young adult light smoking among African Americans and Puerto 
Ricans. Nicotine Tob Res. 2009;11(2):139–147. doi:10.1093/ntr/ntp009.

 132. Borrell LN, Kiefe CI, Diez-Roux AV, Williams DR, Gordon-Larsen P. 
Racial discrimination, racial/ethnic segregation, and health behaviors in 
the CARDIA study. Ethn Health. 2013;18(3):227–243. doi:10.1080/13
557858.2012.713092.

 133. Gardiner PS. The African Americanization of menthol cigarette use in 
the United States. Nicotine Tob Res. 2004;6(suppl 1):S55–65. doi:10.10
80/14622200310001649478.

 134. Primack BA, Bost JE, Land SR, Fine MJ. Volume of tobacco advertis-
ing in African American markets: systematic review and meta-analysis. 
Public Health Rep. 2007;122(5):607–615. www.ncbi.nlm.nih.gov/pub-
med/17877308. Accessed August 25, 2015.

 135. Wakefield MA, Terry-McElrath YM, Chaloupka FJ, et al. Tobacco indus-
try marketing at point of purchase after the 1998 MSA billboard adver-
tising ban. Am J Public Health. 2002;92(6):937–940. www.ncbi.nlm.
nih.gov/pubmed/12036782. Accessed August 25, 2015.

 136. National Cancer Institute. The Role of the Media in Promoting and 
Reducing Tobacco Use. Tobacco Control Monograph No. 19. 2008. 
www.cancercontrol.cancer.gov/TCRB/monographs/19/index.html. 
Accessed April 25, 2015.

 137. Cheyne A, Dorfman L, Daynard RA, Mejia P, Gottlieb M. The debate 
on regulating menthol cigarettes: closing a dangerous loophole vs free-
dom of choice. Am J Public Health. 2014;104(7):e54–61. doi:10.2105/
AJPH.2014.302025.

 138. Food and Drug Administration (FDA). FDA issues orders that will stop 
further U.S. sale and distribution of four R.J. Reynolds Tobacco Company 
cigarette products. FDA. 2015. www.fda.gov/NewsEvents/Newsroom/
PressAnnouncements/ucm462407.htm. Accessed September 15, 2015.

 139. Food and Drug Administration. Brief summary of “Not Substantially 
Equivalent” determinations. 2015. www.fda.gov/downloads/
TobaccoProducts/Labeling/MarketingandAdvertising/UCM462409.pdf. 
Accessed September 15, 2015.

 140. Kendall B, Mickle T. Reynolds-Lorillard tobacco merger gets FTC clear-
ance. Wall Street Journal. May 26, 2015. www.wsj.com/articles/reyn-
olds-lorillard-tobacco-merger-gets-ftc-clearance-1432679612. Accessed 
September 15, 2015.

 141. Convenience Store Products (CSP). Reynolds-Lorillard deal could hinge 
on Newport. Convenience Store and Fuel News. March 10, 2015. www.
cspnet.com/category-news/tobacco/articles/reynolds-lorillard-deal-
could-hinge-newport. Accessed September 15, 2015.

 142. U.S. Census Bureau. Chicago, Illinois. http://quickfacts.census.gov/qfd/
states/17/1714000.html. Accessed May 02, 2015.

 143. Chicago and menthol smoking. 2013. www.cadca.org/resources/detail/
chicago-officials-agree-ban-menthol-and-flavored-tobacco-products-
near-schools. Accessed May 02, 2015.

 144. Bautista DM, Siemens J, Glazer JM, et  al. The menthol receptor 
TRPM8 is the principal detector of environmental cold. Nature.  
2007;448(7150):204–208. http://www.ncbi.nlm.nih.gov/pubmed/1753 
8622. Accessed August 25, 2015.

 145. Macpherson LJ, Hwang SW, Miyamoto T, Dubin AE, Patapoutian A, Story 
GM. More than cool: promiscuous relationships of menthol and other 
sensory compounds. Mol Cell Neurosci. 2006;32(4):335–343. http://www.
ncbi.nlm.nih.gov/pubmed/16829128. Accessed August 25, 2015.

Nicotine & Tobacco Research, 2016, Vol. 18, Suppl. 1 S101

http://www.ncbi.nlm.nih.gov/pubmed/19717955 
http://www.ncbi.nlm.nih.gov/pubmed/19717955 
http://www.ncbi.nlm.nih.gov/pubmed/10892825 
http://www.ncbi.nlm.nih.gov/pubmed/10892825 
http://www.ncbi.nlm.nih.gov/pubmed/17877308
http://www.ncbi.nlm.nih.gov/pubmed/17877308
http://www.ncbi.nlm.nih.gov/pubmed/12036782
http://www.ncbi.nlm.nih.gov/pubmed/12036782
http://www.cancercontrol.cancer.gov/TCRB/monographs/19/index.html
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm462407.htm 
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm462407.htm 
http://www.fda.gov/downloads/TobaccoProducts/Labeling/MarketingandAdvertising/UCM462409.pdf 
http://www.fda.gov/downloads/TobaccoProducts/Labeling/MarketingandAdvertising/UCM462409.pdf 
http://www.wsj.com/articles/reynolds-lorillard-tobacco-merger-gets-ftc-clearance-1432679612 
http://www.wsj.com/articles/reynolds-lorillard-tobacco-merger-gets-ftc-clearance-1432679612 
http://www.cspnet.com/category-news/tobacco/articles/reynolds-lorillard-deal-could-hinge-newport 
http://www.cspnet.com/category-news/tobacco/articles/reynolds-lorillard-deal-could-hinge-newport 
http://www.cspnet.com/category-news/tobacco/articles/reynolds-lorillard-deal-could-hinge-newport 
http://quickfacts.census.gov/qfd/states/17/1714000.html
http://quickfacts.census.gov/qfd/states/17/1714000.html
http://www.cadca.org/resources/detail/chicago-officials-agree-ban-menthol-and-flavored-tobacco-products-near-schools
http://www.cadca.org/resources/detail/chicago-officials-agree-ban-menthol-and-flavored-tobacco-products-near-schools
http://www.cadca.org/resources/detail/chicago-officials-agree-ban-menthol-and-flavored-tobacco-products-near-schools
http://www.ncbi.nlm.nih.gov/pubmed/17538622 
http://www.ncbi.nlm.nih.gov/pubmed/17538622 
http://www.ncbi.nlm.nih.gov/pubmed/16829128 
http://www.ncbi.nlm.nih.gov/pubmed/16829128 



